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What is missing in LIS now? SLLEY

* LIS snow is needed for mission planning and
model-data fusion

* The representation of snow in LIS now is one IS
dimensional —

Snow Depth [m]

* Real snow is extremely heterogenous

* Variability comes from preferential
deposition / redistribution

e Occurs on scales of 10-100 m, but has
impacts over 10-100 km

* Using LIS as a planning tool for future snow y ey i :
missions thus likely undervalues high spatial ES b R R R i
resolution and overvalues methods that G e S R R S
work well for shallow snowpacks.
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<= |mprove LIS Snow modeling capabilities

ESTO

e Couple SnowModel into LIS
e Snow redistribution capabilities Standard LSM Snow ...with redistribution

 MicroMet: terrain influenced wind,
radiation, temperature,...

* SnowAssim: SnowModel DA
* Develop test suite
* Provide documentation
* Parallelize SnowModel in LIS

e Couple SnowModel to Noah-MP (or
other LSM) in LIS

e Run continental domain Snow OSSE
with LIS-ShowModel
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Land Information System (LIS)

EST0

* Study land surface processes and land-atmosphere interactions
* Integrates satellite- and ground-based observational data

products with land surface modeling techniques

CLOUDS &
WATER VAPOR

CONDENSATION
(LATENT HEATING
OF ATMOSPHIRE)

This isn’t what

LIS Snow looks
Iike! i ; mn‘o’:':,l':mr):f:olnm

>
>

——

NS < RavER DISCHARGE

Uncoupled or
Analysis Mode

LIS - OPT/UE

Optimization and Uncertainty Estimation

(LM, GA, RW-MCMC, DEMC)

LIS - DA

States (Soil Moisture,
Snow, Skin
Temperature)

Data Assimilation (DI, EnKF)

LIS - LSM

7

(Topography, Soil

properties, vegetation

properties)
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Land Surface Models (Noah,
CLM, Catchment, JULES,
TESSEL, HySSIB, Sacramento,
SNOW17)

Meteorological

(Forcings)

Boundary Conditions

B

Observations (Soil
Moisture, Snow, Skin
Temperature)

Water and Energy
Fluxes, Soil Moisture and
Temperature profiles,
Land surface states
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SnowModel

* Detailed snow physics model, * Not parallelized not applicable for
includes relevant meteorology continental scales at high resolution

» Used for cryosphere, ecology, * Not linked to LIS and thus many
hydrology, avalanche studies NASA activities

SnowModel

Meteorological data
[station and/or (re)analyses

Air temperature MicroMet
A Relative humidity
Precipitation EnBal Spatiotemporal distributions of:
Wind direction Meteorological variables P
, . SnowPack-ML .
Time Incoming longwave radiation Energy balance components
Surface pressure SnowTran-3D Ma“mm
D R Snow variables
Topography’. -/ SnowDunes
— SnowAssim
3 Y >
X X

Input >  Processing >  Qutput
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Project Relation to NOS Concept g
* Improved planning: SHeWmBdElAg satellite Constellation

better quantify tradeoffs
* spatial resolution
* repeat time
e sensor type

e and combinations there
of...

 Science and forecast:

e LIS-SnowModel - e o T A oroduct
integration to NLDAS, P @ : o
drought monitor, etc. | ‘~ Ny .

* NoahMP coupling links to
NOAA’s National Water Cravs
Model ‘

Global

Meteorological Modeling
Regional

Fine Scale

Global Snow

Vegetation Lls_s noWMOdEI

+ Snow
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«=i - Mission Planning and Model integration

direction of

* Provides more realistic scenarios for OSSE ) Fired adaptve D) Coverpass
* Better represent spatial variability a7 el MR N\
* Better portray value of e.g. high resolution |
visible SCA 6 gV o}
* Understand value of lower resolution #0 e W
microwave or SAR technologies e A el

6(t)e [0 —4o(t) 6+4d(t)] — ADAPTIVE v
direction of
overpass

* Future snow missions will likely include
multiple sensors and need a showmodel
for DA

 Multi-sensor, model data fusion will be
critical

* Potential for connection to operational
hydrologic forecasting
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&= Scientific Relevance Beyond the Mission es7o

* Importance beyond mission activities

* Variability and coverage affect albedo changes

 Snow albedo feedback and climate

* Coverage affects rain-on-snow flooding

* Distribution affects timing of runoff . o]
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* Changes in distribution with climate change
may have a greater impact on water resources
than enhanced melt rates do.

Runoff [mm/day]
w EN
=) o

20+

|

120 140 160 180 200 220
Day of year




